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Response to vaccine depends not only on the nature of the antigen itself but 
also on the immunological history of the recipient.  The trivial  case is the dif- 
ference between primary and secondary experience  of the same antigen.  The 
situation is more complex when the secondary vaccine is related to rather than 
identical with the first. The response here is, strictly speaking, inadequate: the 
antibodies produced react better with the primary vaccine than with the one 
that stimulated their appearance. Current theories do not cover t~is contingency 
which demands not only immunological memory of a sort, but also some mecha- 
nism  whereby  the  second  antigen  is  prevented  from  setting  off  a  standard 
primary response and instead a particular subpopulation of cross-reacting anti- 
bodies is made to appear in quantity. A hypothesis accounting for the observa- 
tions on human sera has been developed in the companion paper  (1), and it is 
our task here to test its implications experimentally. In particular, we sought to 
determine whether the response to a  related but hitherto not experienced vac- 
cine was of secondary type, and whether there existed a mechanism deflecting 
an antigen from one kind of cell and guiding it to another. 
Materials and Methods 
Most reagents and. all techniques were the same as described in the companion paper (1). 
The strains of virus used in Marburg  (Tables I to IV and Figs. 2 to 5) were derived from Aus- 
tralian stocks (2). The main difference  is in the degree of cross-reaction between SW and FM1; 
about 8:1 for the Ann Arbor pair, and about 60:1 for the Australian pair. 
E.xpcrimcntal Animals.--Young adult rabbits of either sex, weighing between 1.5 to 2 kg, 
were used in the experiments; New Zealand Whites in Ann Arbor and Belgians in Marburg. 
The latter exhibited high nonspecific inhibitory  fiters against FM1 even before vaccination. 
This inhibitor  proved resistant  to neuraminidase and heating  at 62.5°C, and had to be de- 
* This investigation  was conducted under  the auspices of the Commission on Influenza, 
Armed Forces Epidemiological Board, and was supported by the Office of the Surgeon Gen- 
eral, United States Army, Washington, D. C. 
:~ Visiting Scientist,  present  address:  Commonwealth  Scientific and Industrial Research 
Organization, Section of Molecular Genetics, Sychaey--North Ryde, Australia. 
347 348  ORIGINAL ANTIGENIC SIN.  II 
stroyed by treatment with an equal volume of 0.4% crystalline trypsin at 56°C for 30 rain, 
followed by oxidation of a-glycols with 6 m~ KIO4. Such treatment is known to damage anti- 
bodies of the IgM type; however,  since all experiments  were  concerned  with anamnestic 
responses, partial loss of 19S globulins is unlikely to influence the results significantly. 
Vaccination.--Eluates of virus were diluted in normal saline so that 0.50 ml contained the 
required immunizing  dose. Intravenous injections were made into the marginal vein of the 
ear, and blood samples drawn from the same vein. The first sample was taken on the day before 
vaccination, the rest at intervals shown in the tables and figures. Usually about 15 ml of 
blood was collected, and the separated sera stored frozen at -15°C. All titrations were per- 
formed on one day, after conclusion of the respective experiment, using red cells from a single 
fowl. Thus the titers within any one table or figure are directly comparable; there are minor 
systematic differences between  different  experiments,  due to variation of erythroeytes from 
one fowl to another. 
X-Irradialdon.--The rabbits were immobilized in thin-walled  plastic cages placed 50 cm 
from an X-ray source operating at 300 Key and 20 ma. The radiation, filtered through 0.5 
mm Cu and 1.0 mm Al, reached the target at a rate of 149 R/rain (averaged  over three points 
of a phantom target). The required dose was given in two installments, the holding cage being 
turned through 180  ° in between. Following irradiation the rabbits' drinking water was supple- 
mented with sulphonamides. 
Absorpt~ion of Sera.--Inactivated sera, diluted 1:5 in normal saline, were mixed with ~o 
of their volume of the absorbing virus. The appropriate dose of absorbing antigen was chosen 
on the basis of pre|iminary experiments. The virus-antibody mixtures were held at room tem- 
perature for ~  Jar and then spun at 35,000 g for 45 rain. The supernates were pipetted off and 
heated at 62.5°C for 10 rain to destroy any hemagglutinin that might not have been deposited. 
RESULTS 
Discrimination between Primary and Secondary  Responses.--When  immune 
animals are  stimulated with  a  vaccine related  to  but  not  identical with  the 
primary antigen, their response is made up of antibodies that react better with 
the primary antigen than with the antigen that has triggered the response.  The 
overriding effect of the primary vaccine has been called Original Antigenic Sin. 
The  phenomenon  was  interpreted  (1)  in  terms  of a  hypothetical set of cells 
capable of manufacturing  cross-reacting antibody and responding to stimula- 
tion by either of the antigens. If the primary antigen is used for recall, the prod- 
uct of these cells is part of the standard secondary response; if cross-reacting 
antigen is used, the response is still a  "recall", even though a partial recall only, 
and not a primary response. It follows thus from the hypothesis that abolition 
of the primary response should still allow manifestation of the Original Anti- 
genlc Sin as long as the capacity to respond anamnestically is not abolished. 
Since appropriate X-irradiation is known to prevent a primary response without 
greatly affecting a  secondary, it may serve in testing the working hypothesis, 
i.e., in deciding whether the response is of primary or secondary character. 
In the first experiment of this kind we relied on information from the litera- 
ture and gave our rabbits 500 R  whole-body irradiation 16 hr before vaccina- 
tion. We expected no primary response in the control groups and this, indeed, 
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expected a good response; yet in none of these animals did we find significant 
(greater than 2-fold) rise of titers while in nonirradiated animals the antibody 
levels rose about 10-fold within a week. Obviously, either the assumption on the 
effect of X-rays was incorrect, or the dose or timing of the irradiation inappro- 
priate. A number of preliminary experiments was done therefore, and a schedule 
established after which there was no measurable primary response to smallish 
doses of antigen, whereas the secondary response was fully maintained. In the 
main experiments both SW and FM1 viruses were used as primary and boosting 
antigens, and the dosage and timing were varied. The discrimination between 
the two types of response was sharpest when a large primary dose of vaccine was 
followed by a small secondary, and one of these experiments will be described 
in full. 
Six groups of three rabbits were given 5000 HA units of SW virus intra- 
venously. 3~  months later half of the animals received 350 R  whole-body ir- 
radiation followed, within 3  hr,  by a  second intravenous injection of virus. 
One each of the irradiated and control groups was given 31.6 HA units of SW, 
FM1, or LEE; i.e., of the homologous, a  cross-reacting or an unrelated virus. 
Two further groups of rabbits, one irradiated one not, were given 31.6 HA units 
of FM1 as primary inoculum. Blood samples were taken from each animal be- 
fore the experiment started,  18 times after the primary vaccination, and  12 
times over the 3 wk following the second injection. All sera, stored frozen until 
completion of the experiment, were titrated against SW and FM1 viruses (Fig. 
1). 
There are three sets of essential controls in this experiment. The first tested 
the effect of irradiation on the secondary response.  Evidently, there was no 
difference between the groups which received a  boosting inoculum of homol- 
ogous virus: the secondary rise is almost identical in the  irradiated  and  non- 
irradiated rabbits, as is the ratio of anti-SW to anti-FM1 titers. The second set 
of controls tested the effect of irradiation on the primary response.  The dif- 
ference of the two groups here is striking. The nonirradiated animals all pro- 
duced antibody by the 8th day and reached levels 20 to 90 times above the 
prevaccination level by the 18th. The irradiated rabbits produced no measurable 
antibody within 3 wk of vaccination. The third set of controls tested for non- 
specific anamnestic effects. The animals of these groups received a dose of LEE 
virus and are seen to have responded to it primarily or not at all, depending 
upon whether they were irradiated or not. The responses to LEE virus had no 
significant influence on antibody levels due to primary vaccination: both the 
homologous anti-SW and the cross-reactive anti-FM1 titers were maintained 
over the 3 wk following the second inoculum. 
The main experimental groups, receiving FM1 virus after a primary dose of 
SW, responded uniformly well, irrespective of whether they had been irradiated 
or not. This response is typical of cross-stimulation with a related antigen: titers 350  ORIGINAL ANTIGENIC SIN. II 
against the primary vaccine rise significantly, indeed, as much as they would on 
homologous boosting. However, the antibody produced is not of the same kind 
as one finds in an ordinary secondary response. This is best shown by the trend 
of the  anti-SW:anti-FM1  ratios.  Whereas  a  standard  anti-SW  serum  cross- 
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FiG. 1. Effect of X-irradiation  on Original Antigenic Sin. The mean  antihemagglutinin 
response of three  rabbits  given 350 R  whole-body irradiation  is represented  by the closed 
symbols; open symbols refer to groups of unlrradiated  control rabbits.  Schedules of vaccina- 
tion and the respective test antigens are shown within each quadrant.  The secondary doses, 
indicated by arrows, were 31.6 agglutinating units, given intravenously. 
reacts with FM 1 virus in the ratio of 1:5 to 1:11 (mean 1: 7.39), at the peak of 
the response many of these sera had ratios of 1 : 2 or higher, averaging 1 : 1.72. 
The result is entirely comparable to the findings on human sera  (cf. Tables I 
and II of the companion paper) and since the response was the same in irradiated 
animals shown to be incapable of responcting primarily to the same dose of the 
same vaccine, the conclusion is in order that the Original Antigenic Sin is mani- 
fested by a secondary response to a foreign substance the organism is experienc- 
ing for the first time. S.  ~'AZF_,KAS DE  ST.GROTH  AND  R.  G.  WEBSTER  351 
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FIG. 2. ~amnestic  response after multiple primary vaccination. Mean antihemagglutinin 
response of four rabbits.  Schedules of vaccination and the respective test antigens are given 
within each frame. The standard vaccinating dose was 100 agglutinating units. 
The results of the other experiments along these lines can be given summarily: 
(a) the time interval (range 35 to 115 days) between the first and second injec- 
tion  of antigen  makes  no difference  to  the  response;  (b)  the  phenomenon is 
equally evident when the two strains are used in reverse order; (6) after a small 
primary inoculum only the earliest  secondary antibody is entirely cross-reac- 352  ORIGINAL ANTIGENIC  SIN.  II 
tive, and is replaced in the nonirradiated animals, within  14 days by primary- 
type antibody to the boosting antigen; (d) when a large dose of virus (500 HA 
units) is given, the X-ray treatment used above depresses the primary response 
but does not abolish it altogether; and  (e)  when such a  large dose is used as 
second inoculum, cross-reactive and primary antibody to the second antigen is 
produced in parallel, irrespective of the primary dose of vaccine. 
TABLE  I 
Specificity of the Trapping Mechanism 
Vaccine* 
Primary  Secondary 
Control 1 
$W (100) 
Control 2 
FM1 (100) 
J 
Control 3 
SW (100) 
SW  (I00)  +  FM1 (100) 
sw (100) 
FM1 (i00) 
FMI (100) 
FM1 (100) 
Time 
after 
boosting 
days 
Absorp- 
tioa~; 
+ 
+ 
+ 
+ 
Antihemagglutiain/ral§ 
vs. SW  vs.  FMI 
Titer 
3.67 
3.13 
2.11 
1.43 
3.42 
2.78 
2.80 
2.05 
Differ-  Titer  Differ- 
ence  ence 
0.54  1.60  >1.12 
<0.48 
0.68  2.78  0.03 
2.75 
0.64  3.03  0.60 
2.43 
0.75  2.35  0.07 
2.28 
* Primary and secondary inocula were given 42 days apart. The number of hemagglufi- 
nating units injected intravenously is shown in parentheses. 
:~ Each serum sample was absorbed with a dose of SW virus chosen to remove about 75% 
(0.60 log10 units) of anti-SW activity. 
§ All titers and their differences are expressed in log10 units. 
Demonstration  of  the  Trapping  Mechanism.--The  first  set  of  experiments 
placed  the  Original  Antigenic  Sin  in  a  special class of anamnestic responses 
without, however, throwing any light on the mechanism by which a virus given 
for the first time is prevented from evoking a primary response. The second set 
of experiments was designed to probe into the nature of the assumed trapping 
mechanism by testing four corollaries of the working hypothesis. Since each of 
these  tests was  based on a  different  combination of primary and  secondary 
inocula, the controls were common to them all. For the sake of economy there- 
fore the four tests were combined in a single large experiment; they will be pre- 
sented here separately, for the sake of clarity. S.  FAZEKAS  DE  ST.GROTH  AND  R.  G.  WEBSTER  353 
Specificity of trapping:  The  hypothesis  implies  that  the  efficiency of trap- 
ping should essentially mirror the efficiency (avidity) of antibodies produced by 
a particular cell. Thus, if an animal is given a  mixture of two related antigens 
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FIo. 3. Anamnestic response to large heterologous booster.  Mean  antihemagglutinin  re- 
sponse of four rabbits. The schedule of vaccination and the test antigens are shown within the 
frame. The standard vaccinating dose was 100 agglutinating  units.  For controls, see Fig. 2. 
TABLE II 
Swamping of the Trappin 
Vaccine* 
Primary  Secondary 
sw (10o)  FM1 (3150) 
Mechanism 
Time 
after 
boosting 
days 
6 
28 
Absorp- 
tion.l: 
+ 
+ 
Antihemagglutinin/ml§ 
vs. SW 
Difference  "liter  Difference 
3.13 
2.56 
2.83 
2.23 
vs. FMI 
Titer 
0.57  1.63 
1.03 
0.50  3.25 
3.30 
0.50 
--0.05 
70 
* Primary and secondary inocula were given 42 days apart. The number of hemaggluti- 
nating units injected intravenously  is shown in parentheses. 
:~ Each serum sample was absorbed with a dose of SW virus chosen to remove about 75% 
(0.50 lOgl0 units)  of anti-SW activity. 
§ All titers and their differences are expressed in logt0 units. 
as primary stimulus, two independent primary responses should be induced and 
hence two independent populations of cells capable of trapping their respective 
antigen.  When either  of the antigens  is  then given secondarily,  it  stmuld be 
preferentially retained by the homologously trapping cells. The response should 354  ORIGINAL  ANTIGENIC  SIN. II 
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FIo.  4.  Anamnestic response to large booster after multiple primary vaccination. Mean 
antihemaggiutinin response of four rabbits. The schedule of vaccination and the test antigens 
are  shown within the frame.  The standard  vaccinating dose was  100  agglutinating units. 
For controls, see Fig. 2. 
be indistinguishable from a  standard secondary response since cross-trapping 
could be expected only to the extent of serological crossing, say, one in ten in our 
case, and that only for a small subpopulation of the cells that have responded 
to the heterologous antigen. 
In the actual experiment 100 HA units of both SW and FM1 virus were 
given intravenously to a group of four rabbits, and 42 days later a similar dose of 
FM1 virus only. The antihemagglutinln response was followed for 28 days after 
boosting (Fig. 2). 
Taking the controls first, it is evident that homologous boosting raises anti- 
TABLE  HI 
The Limits of Trapping  Capacity 
Vaccine* 
Primary 
SW  (100) +  FMI (100) 
Secondary 
FM1  (316o) 
Time 
after 
boosting 
d~y$ 
6 
Absorp- 
tion:~ 
D 
+ 
Antihemagglufinin/ml§ 
vs. SW  vs. FMI 
Titer  Differ-  ence 
3.16  0.66 
2.50 
Titer  Differ-  ence 
2.92  0.35 
2.57 
* Primary and secondary inocula were given 42 days apart. The number of hemaggluti- 
nating units injected intravenously is shown in parentheses. 
Each serum sample was absorbed with a dose of SW virus chosen to remove about 75% 
(0.60 log10 units) of anti-SW activity. 
§ All titers and their differences are expressed in log10 units. S. ]~AZEE.AS DE ST.GROTH AND  I%. G. WEBSTER  355 
body levels against the two test viruses without altering their relative propor- 
tions. Response of the third control group of animals (boosted with FM1 after 
primary SW) is typical of cross-boosting: the ratio  of antihemagglutinin  titer 
increases  significantly,  with  the antibody levels against  FM1  virus  always 
somewhat lower. The  main experimental group, which received both antigens 
primarily, shows a marked rise to the boosting antigen only, reversing the ratio 
of anti-SW and anti-FM1 titers. This behavior is quite different from the third 
group of controls and corresponds to a simple secondary response to FM 1 virus. 
The point of difference can also be judged by another characteristic of the 
Original  Antigenic Sin. Standard sera, whether primary or secondary, contain 
mixed populations of antibody of which only a fraction is cross-reactive and 
hence cross-absorbable. The response to cross-boosting is much more homoge- 
nous (1), all classes of antibody being absorbable with either the primary or the 
secondary antigen. We absorbed therefore all sera collected on the 6th day of 
boosting with a dose of SW virus sufficient  to reduce the homologous titer by 
about 4-fold.  Then both the original  serum samples and the superuates, left 
behind after removal of absorbing virus and  virus-antibody complexes,  were 
titrated against both antigens. 
It is seen from Table I  that homologous absorption removes relatively more 
of the cross-reactive antibody in the first group of controls; in the second group 
the  cross-reacting  anti-SW  component is significantly  reduced  without  any 
change in the anti-FM1 titer; the third control group, boosted with the related 
antigen, is characterised by the two fractions of antibody removed being identi- 
cal.  In the main experimental group the anti-FM1  titer does not change ap- 
preciably on absorption with SW virus and is thus shown to behave as standard 
secondary antibody to FM1 is expected to behave. The results of Fig. 2 and 
Table I  are complementary, both aspects of the evidence demonstrating that, 
given a choice between two trapping mechanisms, an antigen will tend to react 
with cells primed for production of homologous antibody. In these terms, and 
this is what the hypothesis predicted, the Original  Antigenic Sin appears as a 
restricted secondary response,  demonstrable only in  the absence of a  proper 
secondary  response. 
Swamping of the  trapping mechanism: Already in  the X-ray  experiment, 
when using large doses of virus as second inoculum, there were signs that the 
trapping capacity of cells producing cross-reactive antibody was not unlimited. 
When more cross-reacting  antigen is given secondarily than  can be accomo- 
dated by the trapping mechanism, a fraction is expected to spill over and behave 
as primary inoculum. The response  should then consist of early production of 
cross-reactive and  cross-absorbable antibody, followed by the appearance of 
primary antibody against the boosting antigen. 
The four rabbits of this experimental group received 100 HA units of SW 
virus primarily and 3160 HA units of FM1 virus 42 days later. The results of 356  ORIGINAL  ANTIGENIC  SIN.  II 
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FIO. 5. Response to combined homologous and heterologous boosting. The individual anti- 
hemagglutinin responses of four rabbits are represented by different symbols. The schedule of 
vaccination and the test antigens are shown within the frame. The standard vaccinating dose 
was 100 agglutinating units. For controls, see Fig. 2. 
TABLE  IV 
Bypassing of the Trapping Mechanism 
Vaccine* 
Primary 
swt (loo) 
SW¶  (100) 
Secondary 
SW  (100) + 
FMI  (100) 
sw  (loo) + 
FM1  (100) 
T~me 
after 
boosting 
days 
6 
28 
28 
Absorp- 
tion~ 
D 
+ 
m 
+ 
+ 
m 
+ 
Titer 
3.16 
2.47 
3.31 
2.53 
3.55 
2.90 
3.69 
3.12 
Antihemagglutlnln/m  1§ 
vs. SW  vs. FMI 
Differ-  Titer  Difference  ence 
0.69  1.75  0.52 
1.23 
0.78  2.48  0.01 
2.47 
0.65  1.93  >1.45 
<0.48 
0.57  2.25  0.24 
2.01 
* Primary and secondary inocula were given 42 days apart. The number of hemaggluti- 
nating units injected intravenously is shown in parentheses. 
:~ Each serum sample was absorbed with a dose of SW virus chosen to remove about 75% 
(0.60 logz0 units) of anti-SW activity. 
§ All titers and their differences are expressed in logz0 units. 
t Rabbit represented by open symbols in Fig. 5. 
¶  Rabbit represented by dosed symbols in Fig. 5. S.  FAZEKAS DE  ST.GROTH  AND  R.  G.  WEBSTER  357 
antihemagglutinin tests on sera collected over the 4 wl~ after boosting are given 
in Fig.  3. 
Compared with the controls (see Fig.  2), the first 2 wk of the response  are 
much the same as a response characteristic  of Original Antigenic Sin; even its 
later course differs only slightly, in the sense that the anti-FM1 titers not only 
approach but actually surpass the anti-SW titers. That this is a genuine effect, 
beyond the range of chance variation, will be clear from the results of absorption 
tests (Table II). While all of the antibody present on the 6th day after boosting 
is cross-absorbable with SW, the high anti-FM1 levels in the 2nd wk and after 
are due to antibody molecules poorly reactive against SW. Indeed, on the 28th 
day 75 % of the anti-SW can be removed without any reduction in anti-FM1 
titers. These findings conform with the hypothesis: a large dose of cross-react- 
ing virus has not only stimulated an immediate response in the cells capable of 
making cross-reactive antibody but induced in addition also standard primary 
production of antibody directed against itself. 
The  l~mils of  trapping capacity: Even homologous  trapping  can  be  ex- 
pected to have its limits, and this can be conveniently tested in animals doubly 
vaccinated primarily and receiving a large secondary dose of one of the antigens. 
In a similar experiment using a small booster dose it was shown that only sec- 
ondary antibody was produced (see Fig. 2 and Table I). A large boosting inocu- 
lure is likely to spill over into the heterologous trapping compartment  and signif- 
icant amounts of cross-reactive antibody should be expected to appear along 
with antibody specific for the second inoculum. 
The primary vaccine in this experiment was a mixture of 100 HA units each 
of SW and FM1 virus, while the second inoculum contained 3160 HA units of 
FM1 virus. 
Once again,  the simple results  shown in Fig. 4 are insufficient to settle the 
issue,  the curves  correspond  essentially  to a  standard  secondary response to 
FM1 (cf. Fig. 2). However, when the absorption data (Table III) are compared 
with the appropriate controls (Table I), it is evident that a sizeable fraction of 
the antibody produced was cross-reactive, as expected on the hypothesis. 
Bypassing of the trapping mechanism: Another corollary of the model would 
suggest a mechanism whereby cross-trapping  and hence manifestation of the 
Original Antigenic Sin could be avoided even without using excessive doses of 
the boosting antigen. If animals primarily ~mmunized with a monovalent vac- 
cine are challenged with a mixture of a cross-reacting virus and a dose of the 
homologous one sufficient to saturate the trapping mechanism, the response may 
be expected to consist of a mixture of secondary antibody to the original and 
primary to  the cross-reacting  antigen, with no  excess of doubly-absorbable 
molecules. 
A group of four rabbits was vaccinated with 100 HA units of SW virus. The 
boosting inoculum, given 42 days later, consisted of a mixture of 100 HA units 
each of SW and FM1 virus, given intravenously. 358  ORIGINAL ANTIGENIC  SII~.  H 
Unlike the responses in previous tests, those of the four animals in this group 
were not uniform and for this reason not the average antibody levels but the 
individual values are shown in Fig. 5. The course of these curves is not very 
different from those in Figs. 3 and 4, except for the slower rise of the anti-FM1 
component. From the absorption data however it is clear that only one of the 
animals behaved exactly as predicted; i.e., showing an independent secondary 
response to SW and a primary to FM1. The other three, while responding pri- 
marily to FM1 virus and secondarily to SW, also had significant subpopulations 
of cross-absorbable antibody soon after challenge and thus exhibited in addition 
to standard responses also signs of Original Antigenic Sin. This indicates that 
the dose of SW virus incorporated into the boosting inoculum was, on the whole, 
too small for monopolizing the cells which could also trap FM1 virus. Yet, the 
fact that this holds for only three out of the four animals would suggest that the 
trapping capacity for any one virus is not the same for all animals, and hence 
not a  unique function of the primary dose. Such a  state of affairs renders it 
rather improbable that this particular consequence of the hypothesis could be 
demonstrated with more striking uniformity by varying the schedule of dosage 
and  timing. 
DISCUSSION 
In barest  terms,  the experiments show that there is a  difference between 
primary and secondary responses.  This  immunological commonplace hardly 
needs iteration, except when realizing that no entirely acceptable mechanism 
for the difference has yet been put forward. Instructive models offered no ex- 
planation until Monod (3) and Pappenheimer et al. (4) proposed concomitant 
induction of a  permease.  Such an induced gene product which, moreover, is 
highly specific fills the gap not by strengthening the instructive elements of the 
model, but by adding to it a  frankly selective component. If selection is to 
operate  at  the subcellular level,  the model shares  the  basic difficulty of all 
selective theories: every cell must carry a  complete set of genes coding per- 
meases for all conceivable antigens. If selection occurred at the cellular level, 
the model would be rendered selfcontradictory: only a minute fraction of cells 
that participated in the primary response would also be privfledged to produce 
secondary antibody. Neither of the alternatives, even though eclectic, would 
account for Original Antigenic Sin as there is no way foreseen in which an anti- 
gen could provoke different responses depending on the past history of the stim- 
ulated organism. 
Selective theories can readily account for the shorter lag between secondary 
stimulation and response; they fail, however, in suggesting any mechanism for 
the difference in the height of antibody levels after primary and anamnestic 
stimulation. If the difference were in the number of antibody molecules pro- 
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cells must be limited, and this depending on the immunological history of the 
organism, i.e., separately for each antigen. If the difference were in the quality 
of the antibody molecules, and from more recent evidence (5-8) this seems to be 
an important if not the all important factor, the model fails altogether. Since 
the Original Antigenic Sin is essentially a particular shift of balance in the anti- 
body population it, too, remains unaccounted for. 
Both these models assume random access of antigen to cells. This randomness 
is the basic feature of all instructive theories, even at the level of production; 
from it follow the postulated multipotence of cells and the difficulties encount- 
ered when having to account for anamnesis and  tolerance. Selective theories 
imply random access but nonrandom induction, and in  this way deal with 
immunological memory and recognition of self-components. However, when it 
comes to interpreting the effects of cross-stimulation, it is precisely the random 
access of the antigen to all cells which is called in question. The evidence points 
to a  hierarchy of immune responses: Original Antigenic Sin takes precedence 
over primary production of antibody, and the chance of a secondary response 
overrides both. This amounts to saying that nourandomness operated at the 
level of recognition as well as at the level of induction; the fact that the response 
to a  cross-reacting antigen differs from a  standard secondary response would 
suggest that the two underlying mechanisms were independent of each other. 
This is the essence of the hypothesis (1) developed to fi,  t the extensive observa- 
tions made on material from human vaccine trials (9-13). Critical tests probing 
some of its further implications came out uniformly in favor of the hypothesis. 
The questions remaining to be answered are thus not whether nonhomologous 
boosting leads to a kind of secondary response and whether there exists a trap- 
ping mechanism, but in what respects does a secondary response differ from a 
primary and what is the nature of the trapping mechanism. 
Although experimental evidence ends here and only future work can answer 
these fundamental questions, our findings set limits to hypotheses on the dif- 
ference between primary and anamuestic responses.  The difference seems to 
rest on a  mechanism capable of sidetracking antigen. This mechanism is ini- 
tially absent, and is established over a defined range of cross-reactions by each 
primary experience of a  particular antigen. Thus  the step from primary to 
secondary responsiveness must rest on a qualitative change, not on an increase 
in numbers or efficiency  of antibody-producing cells. The secondary response-- 
and with it the response to nonhomologous boosting--bears all the marks of a 
selective, specifically, a clonally selective mechanism, while such cannot operate 
primarily. Yet,  primary antibody carries,  apart  from its specific  combining 
regions, antigenic configurations which are  genetically determined, heritable 
and thus laid down in that repository of cellular information, the chromosomal 
nucleic acid. It would be simplest therefore to think of primary production of 
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synthesis. But such a view would come up against the stumbling block of all 
selective hypotheses, namely, that  the information for all conceivable anti- 
bodies must pre-exist, including those called upon at that relatively late stage 
of evolution marked by Landsteiner's artificial antigens. Estimating the com- 
bining region of antibodies conservatively as made up of, say, ten amino acids, 
the information covering all random sequences would amount to about a hun- 
dred thousand times as much DNA as the cell actually carries. Indeed, if only a 
millionth of all possible antibody patterns were added to the genetic burden in 
a single event, one would have cause to despair of the step separating the Verte- 
brates from all other phyla ever occurring. 
More elegant alternatives can be devised, but since none is allowed to make 
use of preexisting information, all must rely on the creation of new information. 
This, reversal of the coding relation "nucleic acid ~  protein", is anathema to 
current dogma, as would be the use of direct templates in the manufacture of 
proteins. And even though there exist, within each cell, working elements which 
suitably arranged and with minimal additions could yield a mechanism capable 
of specifying all antibodies, it would be idle to rely on inspired guesswork as long 
as the earliest stages of the primary response remain unknown. 
SUMMARY 
Experiments in rabbits were designed to test the two unproven assumptions 
of the hypothesis proposed in the companion paper (1): that Original Antigenic 
Sin is fundamentally a restricted anamnestic response, and that there exists a 
trapping mechanism capable of deflecting antigen from one kind of cell and 
guiding it to another. 
It is shown that whole-body X-irradiation, sufficient to abolish primary but 
not secondary production of antibodies, leaves all manifestations of the Original 
Antigenic Sin untouched. This proves the first assumption. 
Primary immune animals challenged with very large doses of a related antigen 
produce an immediate response of cross-reactive antibodies, followed by a stand- 
ard primary response to the challenging antigen. When boosted with an ap- 
propriate mixture of both antigens, the response is of standard secondary type to 
the homologous antigen, followed by a standard primary response to the cross- 
reacting antigen. When animals are primarily vaccinated with a mixture of two 
related antigens, small booster doses of either will stimulate a standard second- 
ary response only. When such animals are given very large booster doses of 
either antigen, the response is a compound of a homologous secondary and of an 
Original Antigenic Sin-type against the related antigen. Each of these findings 
demonstrates a corollary of the second assumption. 
The results are discussed in terms of the limitations they impose on theories 
concerned with the production of antibodies. 
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